SURVEY OF CURRENT BUSINESS

April 199z

Alternative Measures of Change in

Real Output and Prices

By Allan H. Younyg

Thiz article and the one that folfows .. “Econpmic
Theory and BEAs Altermarive Quaratity and Price In-
dexes,” present results o_fnm’s work ort olterative
measures gf production and prices. ']"i'mﬁe RIEASHIES,
which ere designed to supplement ana’s featured fixed-
welpftted measwres, were ﬁrst described in "Alernative
Measures af Real GNP™ in the April 1980 Susver or
CurrsnT Boginzss: in that article, sea stated tht It
would develop the alternative meanres a5 part of the
Rext epmprehensive revision af the natipnal income and

product aceounts,

MATOR INNOVATION in the recent compre-
ﬂ Liensive gevision of the national income
and product accounts (Mipa’s) was the devel-
opment of alternative measures of real gross
domestic product (Goe) and of Gop prices. This
article describes these measures and provides an-
nual estimates for the period from 1959 to 1990.
Later this year, BEa expects to provide quarterly
estimates of the alternative measures.

BEA now features real gop caleulated in 1087
prices as its measure of real output.! Refors
the comprehensive revision, the featurad measurs
was real gross natiomal product {(sue) calcn-
lated in 1982 prices. However, for reasons et
forth in this article, no single measure of real
&op can be considered sufficient for all analytical
applications.

BEa first introduced an altemative measure of
real cutput in 1989, when real cre calculated in
1987 prices was pres:nted as al:l alternative to real
aup calculated in 1982 prices.? This alternative
provided a preview of the use of 1987 prices to
value real output in the comprehensive revision.
BEA also announced that it was conducting re-
search into altemative measures that would not

& Depemdig om by mapgexy, heal apr i3 deseribed i thid ankke in
W dilferent bor equivalen) waa- A the fom of detaded guamilties valued
In base—yaar price, and 15 ihe weighted som of detailed quaniity rlnine
{imdears], whers the weights, which dre refered 0o 23 price weights, ane shenes
of current-doflar ootput In the base year. Foolnole 12 in the appemdix
this amticle, ~A Maote po Aleensibwe Mocktves of Real aoe” provddes pveral
equivakal alpekmaic formulatiom for mal goe.

2. See AMan H. Yoong, “Ahomative Messores of Read GRPS SUweky oF
Comment Busness d9 (April wda): =i

be based on the fixed price weights of a single
wear.

In general, a fixed-weighted measure of real
output based on the prices of a more recant year
increases less than one based on prices of an ear-
lier year, This propecty, which has often been
observed in mdex number constuction, exists
because the commedities for which cutput grows
rapidly tend to be those for which prices increase
slowly or decrease (and, conversely, the com-
micdities far which output grows slowly tend to
be those for which prices increase rapidly). Thus,
when real output is recalculated using more re-
cent prices, the commodities with strong output
growsh receive less weight, lowering the growth
rate of the aggregate.®

This property has always been recognized as a
problem in long-term comparisons of real out-
put. However, until recently, the difference in the
effect of using one set of prices rather than an-
other in measuring real coe in the United States

2 In wamidering wheiher the price of 5 commodity hes incrased morc
or ks mpidly than prices of cribar commnliiim fon ot pariod oo asather,
it is mreRRry B eetete the prioe weights of thr commaoditics for one of
the two periods & thot they raflear the et Rt o te weighe: Gr
the ciher paied. For comph, 1 compars the price of a commodiy in
W&z with the price [n »B7. corpol shares s 98 wabied 0 1582 and 7
prices way be comparad. Tt wanld be mbarrat i dotnpand the e ar-dollae
votput hare in gtz wikh the asreni-dollar corput share I 2987 booaose
el Conm o 3 affeoted by changes i both prices smd qhantitie:
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had generally been considered small enough to be
safely ignored. The simplicity of an ontput meas-
ure in which the prices of a single year were used
to value real Gop for all years was considered 1o
outweigh any adventage provided either by pre-
senting alternative measures basad on prices of
other years or by using more compiex appmdu:s
to weighting,

Two sitaations have contributed to a change in
this view. PFirst, beginning in the ig70's, changes
in the prices and quantities of.the energy and
food components of o have been large enough
in certain pmuds to maks the measumment of
the change in real Gor sensitive to the choice of
price weights.  However, to some extent these
price and ‘quantity movemenis reversed direc-
tign in later periods, moderating the effects on
measured long-term growth.

Second, since the intvoduction of BEA’s price
index for computers in the 1985 comprehensive
revision, changes in the prices and quantities of
computers have been large encugh to make the
measaremant of the changs in real Goe quite
sensitive to the choice of price weighes, For ex-
ample, over the period 1982 to 1987, business
expenditures on computers and petipheral equap-
ment in 1987 prices increased over 300 percent,
while computer prices declined 8o parcent. Con-
sequently, computers receive 2 lower valuation
when real goe is calculated in 1987 prices than
when calculated in 982 prices; for this reason,
they contribute about 1.5 percentage points less
to the gn:rwth from 1982 to 1987 in real GoP in
1987 prices than in 198 prices.

In addition, if improved measures of prices of
high-tech goods other than computers (znd of
high-tech services)} are developed in the future,
they may show larger declines or smaller increases
in prices than the price indexes now used in the
deflation of these commodities. If 50, the effect of
the gelection of price weights on the calculation
of real Gop may become greater still.

Real GDPE Measures

In this article, BEA’s featwed measure of real Gop
i5 shown as a fixed-weighted guandity index in
which the weights are 1987 prices. This index
multiplied by the 1987 value of current-dollas coe
is equal to real Gop in constant 1987 dollars-—the
form of real cop customarily presented in the
KNP charts and tables. The two series are iden-
tica} in terms of percent changes, Showing the
featored measure in index form fadlitates com-

parisons with the two alternative measures of raal
aop introduced in this artice.
Unlike the fixed-weighted measure, the two

-alternative measures of real ¢op introduced in

this article are not based on the price weights of
a single base year: In one, the weights change
each year; in the other, the weights change each
benchmark year—that is, at about s-year in-
tervals, ‘The first index is referred to as the
chain-type annual-weighted quantity index the
second, as the Benchimark-years-weighted guan-
tity index? {The alternative quantity indexes are
presented in table z at the end of this article.)

These alternative indexes nse the Fisher Ideal
index formula to provide a measure of change
between two periods.® A Fisher Ideal quantity
index is a geometric mean of a Laspeyres and 2
Paasche quantity indsx., The Laspeyras quantity
mdex uses the prices of the first of the ewo pe-
riods being compared to weight quantities. The
Paasche quantity index uses the prices of the ssc-
ond period. Grven that the Fisher Ideal index is
ageamemtmmﬂaedaangemthethﬂldeal
index falls between the changes in the Paasche
and Laspeyres indexes®

BEa sxpects to introduce a third altexnative in
1993 A fixed-weighted quantity index with 1992
prices as weights. I, in the comprehensive revi-
sion of the mid-1990’s, BEA continues to featmre
real GoP caloulated in the prices of a given year,
the price weights are likely to be those for 1w0o2

4+ Tha concapt of she bepcinmark-yoars-weighted quantiny index was de-
veloped by ok Tripiet, Chicf Ecovomin ot mea, He has refared to such
an et it the *Time-serics Gencralied Fisher [deal Indoc™ Sec Ik E.
Trplen, "Superlatire and Chans-Supedntive Indess. of Price and Qierpus for
[ervestn amh Croods: Officz, Compuler, and Accaunting Mictinen,” ses D~
sussion Paper Mo, 4o {pracemted 4t 3 Nathanal Baesan of Eoonomil: Research
Sumnmcr Workahop, Boston, s, Tuly wad). Coplk muy be oboadned From
the ambor.

" o, The Fither ddesk v wis one of many index Romoulay candssd by
Inving Fidwr in The Making of Inde NMumbxrs, Bow York: Houghton Miffiin
Company. 1532

& The Fither Ideal quantiey inde Bmnls i & = /0L % QF,
where Q' is the Laspeyres quarsity index amd GF the Paascic qumiicy
indct, Por the st peind, @ = Q7 = 5 pias /3 pam = 1.0,
and Q-r = T where the B’ and g% voproecat prives and pemitiee. Far
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Gross Product by Industey: A Preview.

When rBs revises the gross product by industry estimates o
make them consistent with the comprebensive revision of tee mpw's,
estimates of real gross product by indvsry will be caleulated uging

foed 1987 price weights. Updating the fied weights om 1982 to

1987 will have the largest impact on manufactuzing—specifically,
on the nonelectrical mackinery industry, in’ which compuias and

peniphers] equiproent arc produced, ' sEa will also prepars aliemative

estimates of real grogs product by industry wsing bencdhmerk-years
weights, {REA does not plan to calenlats chain-type anpual-weighisd
indexzs—the ather aliemative measure presented in the ardde—Ffor
read gross product by indugtry, becanse bess product detall & available
aranvally than far benchmark years.)

Beciuse of the substantial change in ' the rlative price
structorc—traceabls lisgely ta the declining price; of comaputers and

Exhibit 1. —Fixad-Woighted and Eenchman-Vears-Woighted
Indexces of FReal GSross Produst in Manufactusing:
Average Anoual Rate of Change Qver Selecied Perinds
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g eianchin provitis 3 dide e on B L‘ﬁmmm iy v

peripheral aqidpraent—the vse of fred 1587 price weights for the
pross. praduct by industry series will not’ adequately portray the
course of manufacturing in the hte 1970 or corly 1who’s. Like-
wise, use of fixed 1977 or foeed 1982 price welghts will not edequately
portray manufacuring in the late 1980’ The benchmark-years-
weighted index, which allows. for change in the rtlutht irice
atructore, will pr:s:nt a more awcorats’ pm:rum :

Exhibit 1 shews the hﬁerenu.-s-m grmﬂ.h eatee for eraviifae-

- taring, that resmalt from e use of prices of either 177, 1882, o7

1987 as fimed weights in caladating an ipdec of ceal meaufactucing
proes product. The awhibit alse showe the growth rares that resil
fram the vse of benchouark-year prices a5 weights, The Index based
o 1982 price weights cssentially corvemponds 1o the 1082 doller sc-
ries released in April 1991, before the comprehensive revision of the
%iea’s (it incorporares small revisions that have litde sffzet on the
growth rates), The other three indeves are calenlared from the same
price and quantty information s wsed for the 98z dollar sedes.
When the progs product by industry indexes are revised, the growth
ratez may differ Fom those in the sxhibit; however, the pattern of
d;ffeummgmuthramwﬂlmahoutthe.ﬂmc

The: lack of additivity of the benchmarkc-yers-weighted goan-
ity index may presens ¢ problem o some gsers of the mross produect
by industry series. Within the Famework of the benchepark-years-
weighted quantity indexes, it may not be possible to alubate, in
an exact sense, 3 tfime series for manifacmaring as a shire of ol
output. However, by comparing the growdh rates of manufcruring
with those of wtal aor, &t will e possible 1o determine whether
manhufacturing gross product increased more or less rpidly than
total GoP.

Chain-type anstal-weighted gquantity index.—For
this altermative, a Fisher Ideal quantify index is
used to calcutate the change from year i - 1 to
year !. Thus, the.annual change is provided by
the geometric mean of the year ¢ values of two

fixed-weighted quantity indexes, one of which

nses prices of year ¢ — 1 as weights and the other,
prices of year ¢ as weights. Annual changes com-
puted in this manner are “chained” {multiplied)
together to form a time series.

Benchmark-years-weighted quantity index-—For
this alternetive, the Pisher Ideal index formula is
adapted to use weights from two adjacent bench-
mwark years, which are cnstormarily 5 years apart.
For each pair of adjacent benchmark years and
the interval between them, two fixed-weighted
quantity indexes are computed: One with the
prices of the first benchmark year as weights,
and the other with the prices of the second
benchmark ysar, The geometric mean of these
indexes is the benchmark-years-weighted quan-
fity index. Cumulation of the annual changes

in the benchmark-years-weighted index is equal
to the Fisher Ideal change calcwlated directly
from one benchmark to the next. Benchmark
years are used as weighting periods because, for
components of GDe that incorperate infermation
from the gquinguennial economic censuses, the
benchmark-year price and quantity estimates are
considered tc be more accurate than those for
other years.

For 15%2-87, the henchmark-years-weighted
quantity index is the geornetric mean of the fixed-
weighted quantity index that uses 1987 prices as
weights and the fixed-weightsd quantity index
that uses 1982 prices as weights. {Except for sta-
tistical and definitional revisions, this katter index
corresponds to the fixed-weighted cor measure
used before the comprehensive revision in 1991.}
For years beayond the most recent banchmark
year, the benchmark-years-weighted quantity in-
dex is calcutated as the geometric mean of the
fixad-weighted quantity index that uses prices of
the most recent benchmark year and the fixed-
weighted quantity index that uses prices of the
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mast recent year, Thus, at present, for years
beyond 1987, the index is calcmlated with 587
and 19y0 prices. Following the annual ti1pa revi-
sicn, the index will be recalculaced using 1987 and
1991 prices. When prices for the next benchmark
year, 199z, become available, the index will be
recalculated using prices of the two benchmark

years. .
Considerations in selecting an appropriaie index

A difference between two measures of real cpp
is not evidence that one is wrong. A measure of
real GEF is not composed of actmal transactions
that can, at least in principle, be added up from
information obtaned from transactors to obtain
a single, correct total. A measure of real Gpp is
a construct in which transactions are valued by
the compiler in terms of prices chosen, at least
in part, arbitrarily. The worth of such a measure
lies in whether or not it proves useful in analysis.
Viewed in this way, there can be more than one
useful messure.

The fixed-weighted quantity index has the ad-
vantage of simplicity. This simplicity is the resuit
of three characteristics. First, the index formula
itself is simple. Second, when the fued-weight
formuda is applied to a fixed base year, it is pos-
sible to compare any two., or in fact any number
of, periods on a consistent basis. Third, the index
may be stated in terms of real dollars (by using
only the numerator of the formula), making it
possible to “add up” the components of real out-
put and to compute “real dollar shares™ of cpp
for each component.

The disadvantage of a fixed-weighted quantity
index lies in the fact that the relative price struc-
tare in the goonomy changes over time. For
mest purposes, a fixed-weighted quantity index
<an only be considered appropriate for compar-
isons in which both of the years being compared
have mwlative price structures that are approxd-
mately the same as that of the base year. Thus,
real goe in 1987 prices may only be appropri-
ate for assessing the performance of the economy
in the years around 1987, when the relative price
structure resembled that in 1987.

Whether the fxed-weighted index remains ad-
equate for assessing the ULS. econorny in the
mid-1990"s will depend on the extent to which
the refative price structure changes. The two al-
ternatives introduced in this article, as well as the
tehased fixed-weighted measure to be introduced
in 1993, will provide a basis for monitoring such
changes; in the mid-1990's, each of them will re-

flect more recent price weights than the featured
measure.

The two alternatives are designed to allow for
change over time in the celative price structune of
P, The annual chain-type index measures the
performance of the economy from one year io the
next in terms of the price structures of the 2 years
involved in the comparison. The benchmark-
years index measures the performance of the
economy between benchmark years in 2 simi-
lar fashion. The altermatives have the advantage
that they portray as accurately as possible, that
is, as accurately as any other indexes that could
be calculated, the year-to-year or benchmark-
to-benchmark changes in the economy over the
entire period covered by the indexes, The disad-

vantage of these alternatives is that, because of .

the use of geometric means, they lack the addi-
tive propexty of the fixed-weighted index. Real
GDP cannot be obtained by “adding up” its com-
ponents; consequently, the contribution of each
component to a given change in real GDP is not
readily apparent

Ome of the most interesting nses of the alter-
natives will be in business cycle analysis. One
would expect that more nseful analytical rela-
tionships will emerge from using the alternatives
for such analyses; for example, one may find a
closer correspondence betwaen declines in the al-
ternative measures of real Gor and declines in
employment.

In selecting an index, it is vseful to keep in
mind that the estimates of the change in mal cpp
are subject to several types of error, Particularly
for current quarter-to-guarter changes, the net
effect of such errors may be as large as, or larger
than, differences arising from the use of one or
enother of the index formulas.

Index numbers in practice—Other major indexes
prepared by 1.5, statistical agendcies, such as the
Burean of Labor Seatistics consumer price in-
dex and the Federal Reserve Board indusirial
production index, do not maintain the same
fixed-weighted struchive aver all years. For exam-
ple, in the consumer pricy index, the composition
of the market basket is changed pericdically.
Although the index number formules are not
the same, the approaches to weighting taken in
these other indexes tend to resemble that in the
benchmark-years-weighted index.

In measuzing real Gop, few countries foliow
the U.5. practice of using the Laspeyres index
formula with the same fixed-weighted structure
over all years. Among the countries surveyed
for this article, Japan is the anly one that essen-

April gz & 3%
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tially folows the ULS, practice. Australia, Canada,
Gerrnany, and the United Kingdom update price
weights at about 5-year intervals. Real gor is cal-
culated for the s-year interval using the Laspeyres
indax formula, The servies is then extended back
by linking on the data for previous years that in-
oorporate eatlier price weights. The Netheriands
and Norway calculate an annual chain index of
real GoP using anntal price weights and the
Laspeyres index formula; Canada provides such
s measure a5 an alternative. France prepares two
measures: In one, the price weights are updated
at 1o-year intervals; the other is an annuzl chamn
index.

Thus, with the exception of Japan, the surveyed
countries use a chain-type procedure with the
Laspeyres index formula, updating weights at 5-
Or 10-year intervals or annually. A charaderistic
of such procedures, as mentioned eatlier, is that
additivity is not maintained over all periods—
that is, the compoenents do not add to the total as
in the 1.5, measure. In order to provide additive
results, some countries that link at 5- or 10-year
intervals adjust either the total or the components
for the earlier periods; other countrias include an
adjusting entry so that the comnponents add to
the total. Some of the countries do not pravide
addirive rasults.

Why does BEa feature the fixed-weighted index?

The choice between the fixed-waghted measure
and the alternative measures may be viewed as
a choice betwesn simplicity and accuikacy as one
moves away from the base period, with the ax-
tent of the gain in accuracy depending on the
deprae of change in the relative price structure as
ane moves away from the base year. Given this
choice, one may ask why BEA continues to fea-
mre the fixed-weighied index. Several practical
considerations entered inte the decision.

First, users of the mipa’s have a substantial in-
vestmient in the foed-weiphted measure in terms
of Imowledge and experience. Although users
may come to prefer another measure, it seems
best for any such change to be evolutionary.

Second, the differences between the featured
and alsernative roeasures may not be large enough
o affect many types of analysis. Consistent use
of one measure may very well lead 0 the same
anzlytical results as consistent use of another
measure. H experience shows that the differences
are generally insignificant, the simplicity of the
fixed-weightsd index wounld constitute a strong
argament for its retention as the featured meas-
ure. It szems best for both users and BEa to

gain such experience befors considering whether
another tneasure should be featured.

‘Third, BEA cannot currenﬂ‘_r prepare the al-
ternative measures.on the same schedule as the
fixed-weighted measures, The computations un-
d-arl}rmg the alternatives, ‘which are described
later in the article, are substantial. Initially, sEa
will calculate the alternative measures for the pre-
liminary and final 6pp estimates of the curvent
quarter and present them in the SURVEY oF Cur-
RENT BUsINESS; eventually, BEA probably will be
able to prepare them for the advance Gop esti-
mates and -also to prepare them on a schedule
that permits their inclusion in the news releases,

As the previcus paragraphs suggest, experience
with the alternatives may lead to a decision to
featiee a differant measuce of real cpr in the rext
cornprehensive revision. That measure could be
one of the alternatives presenied in this article or
a different measure. BEA expects to do Rurther
research on the selection of weights for measaring
real Gop, Both the use of quarterly price weights
in the chain-type index and the use of business
cycle peak years in place of benchmark years as
weights will be explored.

Comparison of veal cDp measures

For 19s59-87, the alternaiive indexes of real coe
show somewhat more rapid than the
fixed-weighted index (chart 1 and table A). Both
alternatives increase ai an average annual rate
of 3.4 percent, compared with 3.1 percent in
the fixed-weighted index. For intervals between
benchmark years, the largest differences occur in
1963-67, when the chain-type annual-weighted
index increases an average o.4 percentage point
per year more than the fixed -weighted index, and
the benchmark-years-weighted index increases

0.5 percentage point per year more. The smyallest
differences occur in 198287, when both alterna-

Table A—Fhod-Wolghied and ANemotive Meagures of

Heal GDF: Average Amnual Rale of Change Ower
Selncted Pectods
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tives increase 0.2 percentage point per yesr tnore
than the fixed-weighted index. C
On an annual basis, the differences between
the changes in the fixed-weighted cpr index and
the alternatives range up to Lo pércentage point
{sec table 1 at the end of the article). The largest
differences between the fixed-weighted index and
the chain-type annual-weighted index occur in
1962 {0.9 percentage point}, 1965 (0.9), 1973 (0.7).
1981 (0.7}, and 1984 (0.8). The largese differ-
ences between the fixed-weighted index and the
benchmark-years-weighted index occur in wéz

Eu.g%. 1965 {08}, 1966 (o7), w977 {0.7), and 1981
0.9).

For 1987-96, the benchmark-years-weighted
index increases slighdy less than the fixed-
weighted index. The benchmark-years-weighted
index increases at an average anoual rate of
2.4 percent; both the fixed-weighted and the
chain-type annual-weighted indexes increase 2.5
percent. On an anmiral hasis, the differences are
ng karger than oa percentage point,

For the majoy components of real ¢op, the al-
fernative indexes in general alse show more rapid
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Tabte B.—Flxod Weighted and Alwmativa Heasuess of Real GDP and Hs Major Componanis: Avarsge Annuc! Rates of Change Over Seloctsd Pefiods
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growth before 1987 than their fixed-weighted
counterparts (table B}. For personal consump-
tion expenditures and for government purchases,
the alternative indexes Increass an average 0.
percentage point per year more than the fixed-
weighted index. For exporty, the differcn-
tial for the chain-type annual-weighted index
is 0.2 percentage point per year and for the
benchmark-years-weighted index, 0.4 percentage
point. For imports, the differential for the chain-
type annual-weighted .index is —o02 percentage
point per year. .

The differentials for fixed investment {as well
as for gross private domestic investment) are
much larger than those for the other major
COIMpONEnts: 0.6 percentage point per year for
the chain-type annmal-weighted index, and 1.0

percentage. point per year for the benchmark-

years-weighted index. Thus, the alternative meas-
uzes, particularly the benchmark-years-weighted
index, show a higher race of gross capital forma-
tdon relative to output than do the fixed-weigheed

indexes. In terms of the fixed-weighted indexes,

fixed investment increases at an average annual
rate of 3.4 percent from 1959 to 1987, while cop
increases at a rate of 3.1 percent. In terms of the
benchmark-years-weighted indew:s, fixed invest-
ment incraases at an annual rate of 4.4 percent,
whils gD increases at a rate of 3.4 percent.

An analysis of the sources of the differences
between the fixed-weighted mdexes and the alter-

natives requires further work. 1t is clear, however,
that changes in the prices and quantities of com-
puters and peripheral equipment are the major
source of the differances for total gpr, fixed in-
vestment, and exports. In addition te changes in
the prices and quantities of computers, the dif-
ferentials for imports reflect changes in the prices
and quantities of imported petroleum. Imported
petroieumn behaved atypically during 1959—87 in
that both quantities and relative prices increased;
this behavior worked te offset the contribution
of computers and peripheral equipment.

GDP Price Measures

The featnred measure of GDP prices is the fixed-
weighted cpr poce index with 1987 quantity
weights.” The fixed-weighted cpr price index,
like the fixed-weighted measure of real ape, has
the property that, when weights of a more recent
year are subsiituted and the index recalculated,
the index increases less than when the weighis for
an earlier year are used. For the reasons discussed
carlier, this property exists because the commodi-
ties with strong (weak} E;riﬁ-' increases receive less
7 As part of the s compreheneive cevision, the fxed-weighted gross
domestic purdhass price index with 1587 quantny weights repiaczd ibe Ged-
walghted awe price indio: with 1982 quantity welghos 2t the kavred oo
of price chanpe in the U5, ceonemy. This seaion Fociise s i swaires o aor
pES hwdlzrmmid:imlhldiﬂmim with the section on real GoF.

The Red-werghted snd shkémnetirs prace nidéass for gross domestc purdheses
ot shown an sddencis v the 1ables In this amicle,
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{mome) weight, thus lowering the increase in. the
sggrefale measure,

Two alternative measures of GoF prices are in-
troduced in this ariide. They involve the use
of the Fisher Ideal index formula and are ana-
logues to the two alternative quanbty measures
discussed earlier; that is, the p’s and ¢'s are simply
reversed in the index formuolas. Ome alternative
is referred to as the chain-type annual-weighted
price index; the other, as the benchmark-veqrs-
weighted price index,  (The alternative price
indexes are prasented in table 3 at the end of this
article.)

One property of price and quantity indexes cal-
culated with the Fisher Ideal index formula is that
they fully account for the current-dollar change:
that is, the product of the price change and the

quantity change equals the current-dollar change.

The featured Laspeyres fixed-weighted-price in-
dex and Laspeyres fived-weighted quantity index
do not have this property. This full accounting
of the current-doflar change apphlies to anntal
changss in the cham-type annuwal-weighted index
and to changes between adjacent benchmarks in
the be::d:markr}rears—wmghted index ®

The fixed-weighted price indexes for several
components of aor—producers’ durable equip-
ruent {PoE), exports, and imports—and for total
cpe and the investment aggregates will not be
shown in the wipa tables for years before 1982,
because the use of the relative quantity structure
in 1987 to measure price change for those years
is inappropriate. Before 198z, the combination of
the high level and very rapid decline of the price
index for computers and the large 1987 quantity
weight for computers results in either very small

5. Ulsing the mouation io fopthote 4, the Fiher [dal price indes & Pl
W P % PPowhere P! iz the Laspepres price indes and PP the Pansche
peice ndet. For the firs posiod. P = PP = 3 par/ ) mm =
L0.and P = 1.00 For the seond pasiod,
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overall price increases or price declines for these
components and for total Goe. ? The affected en-
tries are bold-italicized in the tables in this zrticle;
these bold-italicized entries should not be used
as measures of price change.

Compartson of GoP price measures

The dlf&:rmms between the fixed- wmghmd GOP
price index and the two alternative price indexes
average 0.2 percentage point per vear or kess for
1982—-87 and for 1987—90, the two periods shown
in table C for which use of the fixed-weighted
price index is appropriate. For 108287, the fxed-
weighted Goe price index increases al an average
anmual rate of 3.3 percent, whils the chain-type
annual-weighted index increases at a 3.4-percent
rate and the benchmark-years-weighted index,
at a 3.5-percent rate. For 1987—go0, the fixed-
weighted and benchmark-years-weighted indexes
increase at a gz-percent rate, compared with
a 4a1-percent rate for the chain-type annual-
weighted index. Omn an anpual basis, the dif-
ferences ate no larger than 0.3 percentage point
during 1982-87 and 0.1 percetitage point during
198790 (see table 1 at the end of the article).
For 1p39-87, the altamative price indexes grow

‘more rapidly than the fixed-weighted indexes

for personal consumption expenditares (pce)
and government purchases (table D). For rck,
the chain-type annual-weighted index increases
at an average annual rate of 4.7 percent, the
benchinark-ysars-weighted index at a 4.6-percent
rate, and theﬁxed -weighted mde.'xataq.j p&m:nt
rate. For gmrnrnent purchases, the

o The facd-wrighted Cotr prics dex, published prior to the compre-
hendve revidon of mon wag oot affecsad ko the e aeat. beause the
computar prica index for Foe was carmied hack only ta 3980 and was held
ot 9 constant [erel i cerlir yeas In che xa comprehendys revidon, the
computar price bndee o Pon was extended Badk 1o 1wea. In wddidon, the
redative quantity of compaters [ncresed gready from ipds to 1987,

Table C—~Fired-Welgnied and Algnative Measwes of
GDF Pricas; Avercge Annusl Rafe of Change Ower
Selccted Poriods
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type index increases at a 5.6-percent rate, the:
benchmark-years index at a 5.7-percent rate, and
the fixed-weighted index at a sa-pevcent rate,

Because use of the fixed-weighted price in-
dex for cop for periods before 1982 13 nof
appropriate, it is of interest to commpare the
alternative GoP price indemes with the fixed-
weighted Grp price index <alculated with 1582
quantity weights that was published before the
comprehensive revision. As shown in the fol-
lowing tabuiation, the previously published fixed-
weighted Gre price ivdex increases more slowly
than the benchmark-years-weighted Gpr price in-

dex over each benchimark interval from. 1959 to
to77. Most of the differenc: is due to the differ-
ent approaches to weighting and not to revised
source data. e '

| Flxsd 108z )| Benchoark-years
weights, gor | weights, o | Differenee
. prboe picas .
I

IFE3 vsaincan 0. L3 =3
giy-ET ... 14 3 —
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Table D.~Fired-Welghied and Altemative Messurss of GDP Pricss and s Majar Companents: Average Annul Rates of Change Ovar Selected Poriods
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How the Alternative Measures Ave
: Calculated

With one exception, -the altemative measures of
real GoP and of GoP prices are calculated using
the sarne level of detail as used in calculating
real GDP in 1987 prices.® As shown in table F,
the number of components increases from 765 in
1659 to 2,676 in 1987. Most of this increase came:
in producers’ durable equipment and change in
ponfarm business - inventories. For 19go, the
number of components fzils to 1,088, mainly re-
flecting drops in these same two components.
The drops occur because of a lag in the avail-
ability of detailed product and industry data for
manmtfacturing in the mext annual Nrpa revision,
the namber of components used for 1900 will
increase to the level used for 1087.

For most of the detailed components, a
aurrent-dollar estimate and an associated price
index are available to computs a quaatity meas-
ure, For those component: for which the
quanut}r measure i3 obtained by extrapolation;
a price measure is compuied from the current-
and constant-dollar estimates. Most of the de-
tailed price indexes wsed'in the calculations are
components of the major prike indexes com-

wr, The euixpion 15 Federal Government porchases by the Departranis of
Definse and Vererany Affuirs, far which sy Jevalops very detailed congpant.
dolfar ciimules fon price and aoolity lafrmaton prnifad by these
apencit. This infarmation, which ¥ rkble bégiming im w2, b aggre
B s gt fod SipoREats For w in ctlkoolriing (e fiaed -weighted price
imder amcl alberpative mestures
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piled by the Burean of Labor Statistics——that is,
the consumer price index, the producer price
index, and the intermational price indexes. Ex-
ceptions includs the price indexes for comput-
ers and for national defense purchases, which
are: prepared by sea; the construction price
indexes,  prepared by the Census Burean and
BEa; and agricultural commodity prices, pre-
pared by the Department of Agriculture.!? The
prices for government employee compensation
are computed from carrent- and constant-dollar
estimates, where the latter are preparsd by ex-
trapolating base-year compensation for detailed
categories .by mdms of employmant or hours
wiorkad.

pEA plans .to make available the detailed
current-dollar and price-index components used
t prepare the altermative measures of real cor
and of gor prices. Informaetion on the availabil-
ity of thiz database will appear in a subsequent
issue of the SurvEY.

Appendix;
A Note on Alternative Meastires
of Resl cop

The effect of different approaches to weighting on
the measurement of real GoF can perhaps best be
fllustrated wsing a hypothetical two-comrnodity
econamy. Exhibir 1 shows prices, quantities,
and current-dollar values—that is, price times
quantity—for two commodities (A and B) in
years 1 to 6. An important characteristic of the
example is that the price of A grows more than
the price of B while the quantity of A grows less
than the quantity of B,

Fixed weighting—Using the entries in exhibit 1,
fixed-weighted measures of real Gpp are obtained

- A sommary of the pice farmatian wed I pepng the constan-
dhedbar cptionadey m provided b bl 7 In TThe US. Nuivaal Ioceme and
Product Acroume  Rerked Egimates” Simver 7o oy g0k 0= Ser
i tha indihvidual methododagy papers Ikted an the insde back comr of thi
s,

Exhdbl 1. ~Hypothetical Two-Commodity Econony
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by multiplying quantitees in each year by prices in
a designated base period. Thus, with year 1 as the
base period, real Gor in year 1is (5x6)+{4x5) =
50; in year 2, {5 X TV + {4 x 7} = 6%; and so
on. Likewise, with year z as the base period, real
GDP in year 1 is {6 % 6} + (4 x 3) = 56; in year
2, (B X T+ (4 x T) ="70; and s0 on. Similacly,
real gor can be calculated using the other years
a5 the base period.}? -

Thus, in principle thers are as mamy measures
of fixed-weighted real Gop as there are years that
could be used as the base period. Exhibit 2 shows
a marrix of real cor measures calculared from
exhibit 1, using each of the 6 years as the base
period. The first six rows in the exhibit show real
aoP in dollars; the next six rows show real Goe as
indexes with the base period set-equal to 100.0;
the last six rows shmv permd-tu-permd growth
rates in the measures ¥

In the exhibits, years 1, 3, and 5 are designated
as benchmark years. Thus, the index of real cop
based on prices in year 5, the most recent bench-
mark year, correspends to the fead-weighted
mezsure that is featured in practice.

In this example, selecting a later year as the
base period produces a lower growth rate than
selecting an earlier year because of the char-
acteristic metitioned earliee—that the price of
commadity A grows more than the price of coin-
modity B, while the quantity of A grows lass
than the quantity of B. Therefore, comumod-

. Bacios: quantity data ar¢ nod olbable for mist comnponietis of real
aor, il coe B ohudned by delluting cument-dolbay valoset by price ndeos
that cxprews the prics of sach peried ndative o that of the bast paied. Thix
procadoce vields msoks idensicat o those sbained dicecrly From prics asd
Juanthbes. For acample, using pricas and quaohitdies directly with yor 1w
the bast pear, commuodity A in read eoms dn pemr 2 5 (5 % T = 35
The Menticd peuolt 19 ohtabned by defiaiing the oument-dolar vadne ol 42
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for commodity A in yoar . 'Ihpnnmhn{ﬁ-r-ﬁn}- 120, les.
cormodHy A i real aons 5 (42 < 1.20) =
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ity A receives more weight .(and commodity B
less) when a later year is the base period. It is
true generally that a later base period produces
lower growth in real .GDF - becruse fast-growing
quantities ‘tend .to- be associated . with relatively
slow-growing prices and slow-growing quantities
with relatively fast-growing prices. -

Over long timespans, such inverse reiatmnshlps
in the growth of prices and quantities tend to be
the rule. One explanation for such relationships
is that as changes in- techinology or in market
stracture lower some relative prices and raise oth-
ers, buyers respond by demanding relatively more
of the low-priced goods and relatively less. of the
high-priced ones and that these responsss out-
weigh any contrary effects arising Emm chanpes
in taste or in mmme 1wels.

Chain-type annual mghﬂng.—ln this altema-
tive, the Fisher Ideal index formula is used to
calculate the annual change in real cpr. The
Fisher Ideal index is the geometric mean of a
Laspevres and a Paasche index In terms of the
example, the year 2 value of the fred-weighted
measure based on prices in year 1 is a Laspeyres
quantity index, while the year 2 value of the fixed-
weighted measure based on prices in vear 2 is
2 Paasche quantity index. The year 2 values of
these indexes {in terms of percent changes) may
be taken from the hottormn panel of exhibit 2.
The geometric mean of these two indexes iz the
Fisher Ideal index for year z; that is, the Fisher

Exhibit 2—Fined-Weiphied Measures of Real ADP
Yemr Pl
T
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[deal index is 4/1.260 x 1.250 = 1.255, and the
grawth rate from year 1 to year 2 Is 25.5 per-
cent. Similarly, the Fisher Kdeal index for year 3 is
v1.057 X 1.085 = 1.056, and the growth rate is
5.6 percent. Thus, the growth rates in the chain-
type annual-weighted index are computed from
pairs of year-to-year changes {expressed as ratios}
in the fixed-weighted quantity indexes moving
diagonally down and across the bottom panel of
exhibir 2. These growth rates are entéted in the
top panel of «khihit 3 and are chained together
(o provide the chain-type annual-weighted index
{(with year 5=100) in the bottom panel.1?

Benchmark-years weighting—In this alternative,
the geometric means of the two fixed-weighted
quantity indexee based on prices in adjacent
henchmerk years are used to calculate the annual
change in real Goe. In the example, years 1 and 3
form the first pair of adjacent benchmark years,
and the fived-weighted quantity indexes used to
calculate the growth rates in real chP feom year 1
to year 3 are based on prices it vears 1 and 3. The
growth rate from year 1 to year ; is given by the

14 The Mwwmnmmudmlmrwhm
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-peometric mean of the year z vaiues of the twe

fixed-weighted indexes, These valuss (in teans of
percent changes) may be taken from the boettom
panet. of exhibit 2. For year 2, the index value
is 41, ® 1. T..1253,andﬂ:-¢gmwthrate_
is 253 percent. Similarly, the geometric mean
for year 3 is +/1.063 x 1.055 = 1.059, and the
growth rate is 5.0 percent. The cumulated change'
from wyear 1 io vear 3 of 327 pervent is identi-
cal to the giowth rate calowlated with the Fisher
1deal index directly from year 1 to year 3—that is,
4/1.340 3 1.315 = 1.327 (where 134.0=100.0 =
1.340, and 100.0 + 76.0 = 1.315).1*

Beyond the most recent benchimark year, only
one set of benchmark weights is available, but the’
index formuks requires twa. Therefore, the most
recently available year is used as if it were the next
benchmark year. In the exhibit, this procedure
provides the same annual change for year & as in
the chain-type-annual-weighted index. Once data
for year 7 become available, the annual change
for yeaz 6 in the benchmark-years-weighted index
would be recalculated..

The growth rates for the benchmark-years-
weighted index are entered in the top panel of
exhibit 3 and chained together to provide an
index in the battom panel. For comparison, ex-
hibit 3 also shows the fxed-weighted quantity
index based on prices in year 5, the most recent
benchmark year.

Tables 1 through 3 follew. [2
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Talua 1.—Fied-Weighted and Afterraiive Quantity and Price indexes for Gross Domesiic Product, Percent Change from Preceding Pesiod

[Farcamy ..
Goe Fival sales o domestic product {03z dOMESHS purchasey - .
j Banchmai: Chaine y— ; Hanchmart: Chain Banchmaui:
Trigéer el paer Floed- m‘ == Fiud- mgf. e, Fizad w -y Pired- | mﬂ' f&

el | vt | et | TRET | weged | owighes | D | e | vages | TR | woed | g

B2 23 a3 26 15 i 15 15 22 24 24

a7 a4 24 &t T zh T 3 23 3 &7 4 X

EY & .t a 4E i 54 T B4 3 &1 B2

41 C e &1 44 15 Y] 41 4z 41 43 a4

58 1) 1] L7 a1 6 %] 55 55 ar B0 4]

15 fid %] b 5T a7 1] 11 o 55 st 42

54 af as 5.5 4B 1 4l 7] ) 1] 1] B4

2E a5 27 K1) in iz 78 28 24 28 25 BT

4z £4 ALK A i 4R ik 1) 40 a2 4K 45

27 ar a0 a7 n 40 1] a 21 27 20 3.0

] [ a ? n i -2 -4 =1 9 0 )

oa u L] L} 44 28 32 LI a7 23 34 45

EA £g L7 51 L4 56 ¥ §5 £ £q £ Ly

52 5if 57 'Y R 51 44 43 da 54 6d Y

o —& -8 - -3 -2 -15 -15 -15 ] —5 4

-£ -1 -4 5 I & 5 5 A7 -1 ] -1

48 LA} 55 37 iy 1] 52 Gk =1 55 ir

45 44 52 43 £3 48 51 E7 57 3 1) 53

d5 L] 52 4B 53 L) 48 52 51 1] £ 5l

-1 zh it 3z ax T3 20 21 22 2k i i

-5 -2 ] 0 X B -16 -1% 15 ~f -2 0

18 L] 27 ] 13 18 FI t 2 25

-2 2 ~15 ~11 1 -5 —t4 -6 =14 23 a4 =30

ap EN] LT K] ad a4 52 53 52 3 arF 14

] X &7 ' 43 ) ] a5 a3 6.4 ] 65

52 az 14 i3 4% 45 T LT 348 25 0 40

2% T ) 24 iz 33 32 a0 an 3l za 27 z7

3 A 12 azy ) 23 aF 24 29 X 3 21

a3 L) 3E 1 a1 A an 24 29 9 &0 L

Z8 28] . 25 2z zA 22 1% 14 14 i Zs 24

14 ¢ i) (e 18 14 5 ] 5 1.1 1.1 11

1958 15 15 14 1.8 T4
1961 12 11 14]. 12 11
1962 13 13 12 13 13
1663 12 18 13 12 18
1964 T4 15 14 14 1.3
TS e R 19 I 14 14 14
168 28 23 ag 21 28 2%
147 12 A ) % 32 23
1546 a4 £3 a4 42 44 44
1988 &7 ay 45 4.4 o7 £7
1370 53 5 54 54 G4 53 53
1571 i 51 51 32 ] 50 S
1972 4.3 43 44 A5 a7 42 45
1473 56 £5 £ 5A SR 5K 55
972 il (¥} £5 100 0. BA BE
1975 Y| 14 g4 .. 21 &2 25 )
1976 54 £9 £ Y] 5 £ 5y
el Y] 05 68 Y] TA 4 45
o] TE Th 67 168 a7, TE Y]
1979 B4 as 8a Y] aE a4 a4
1940 1] 02| —ermerm 24 B 0s 0h L1 a2
191 42 ] JE— - 9z ) | 0 L] 12 g1
1942 &a (1) P Ed -1 [ 5 57 62 )
1983 e i i 1 A8 W 43 a3 7 is i1 i1
108 .. - A 38 1] x| 38 as T Y ) R % a8
1 - a5 38 A5 1 a6 a5 a4 a5 38 kT
s 27 a7 1] 27 28 2n 27 T 24 27 8
1 A 11 a1 42 H 31 3L L7 5 1% 11 a2
ey .. i EX:] i as . an L1 1) 14 Ay i T
11— 43 FE] 43 45 43 43 Y.} ') A 1] a3 4%
19 v 43 a2 Py 43 42 L] 45 44 A5 £3 a +2

0Pl coauaic Pt G e Gimed gl progict



g

SURVEY OF CUERENT BUSINESS April tgox ® 45
Table 2-«Foed-Weighted and: Ademative Quaniity indexas for Gross Domestic’ Produel
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Table 2.—Fixed-Welphled and Allermative Quantity indexes for Groga Domestic Product—Continued
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Table 3.<Fhed-Weighied and Akernative Price Indaxes jor Sross Domestie Product
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